Objective-This study examined associations between college students' self-report and measured height and weight.
INTRODUCTION
Many research studies include weight and height as primary outcomes. Although having trained personnel conduct direct measurements of body weight and height using research quality equipment and standardized techniques is considered the "gold standard" in research, 1 financial and/or logistical considerations (e.g., geographic distance between researchers and participants) frequently preclude the application of this gold standard. This can be a problem for the many research studies that use weight and height or Body Mass Index (BMI) as primary outcomes. Self-reported body weight and height data are easy and cost-effective to obtain, 2 but often viewed as a study limitation and considered insufficiently accurate for research studies. Previous investigations have found good concordance between measured and self-reported height and weight among youth (ages 15-25 years) and adults (ages 30-75). [3] [4] [5] However, little is known about the accuracy of self-reported weight and height among young adults enrolled in college. Some studies suggest that college students who are female and/or overweight tend to overestimate height and underestimate weight making it difficult to have confidence in self-reported measurements in this population. 6, 7 Calculating BMI data in studies of young adults is important given people this age experience increases in weight gain, averaging 15 kg over 15 years placing them at risk for cardiovascular disease and other obesity-related diseases. [8] [9] [10] For the majority of young adults who transition to college, weight gain may be related to changes in their food environment and physical activity levels. 11, 12 Studies of college students often use selfreported height and weight data to track the prevalence of overweight and obesity, 13 which helps to inform obesity prevention and intervention efforts. Thus, information on the accuracy of students' self-reports of height and weight to estimate rates of overweight and obesity is important.
BMI is a continuous variable calculated from height and weight that is often classifed into BMI categories (i.e., underweight <18.5 kg/m 2 , normal 18.5 to <25 kg/m 2 , overweight 25 to <30 kg/m 2 , obese 30 to <35 kg/m 2 and morbidly obese ≥35 kg/m 2 ). 14 No studies could be located that compared the concordance of BMI categories in a large, ethnically diverse population of young adults enrolled in college. Thus, the purpose of this study was to determine the accuracy of BMI categories when using self-report versus measured height and weight among college students from 8 universities. If self-reports of body weight and height are determined to be reasonably accurate, self-reported data in calculating BMI could be viewed with greater confidence.
METHODS
The university partners in the United States Department of Agriculture Multistate Healthy Campus Research Consortium that focuses on the health of young adults conducted this survey. This study was approved by the Institutional Review Boards of these participating universities: Michigan State University, South Dakota State University, Syracuse University, The Pennsylvania State University, Tuskegee University, University of Rhode Island, University of Maine, University of Wisconsin, and Rutgers University.
Participants aged 18 to 24 years enrolled at these first eight universities named above were recruited to participate in the Project WebHealth behavioral intervention using verbal announcements at student gatherings, flyers, and postings to university listservs. Eligibility criteria included having a BMI >. 18.5 kg/m 2 , not being pregnant or lactating, and not majoring in nutrition or exercise science. 15 Only baseline data were used in the study reported here. Response rate to the overall Project WebHealth study are reported elsewhere. 16 However, it is important to note that there were no statistical significant demographic (i.e.g, age, gender, race/ethnicity) differences between participants (n=1686) and non-participants with online survey data (n=557), except non-participants were significantly more likely to self-report slightly higher BMIs compared to participants (t=2.28, p=0.023).
Data Collection
Eligible participants gave informed consent and completed online questionnaires that included demographic measures (i.e., age, sex, college major, and race/ethnicity), and selfreported height and weight, which took about 30 minutes to complete. Participants also scheduled an appointment to complete physical assessments.
To prepare for the physical assessments, participants were instructed to refrain from eating or drinking caloric beverages for 4 hours and to avoid high intensity exercise for 24 hours prior to the assessment, and to wear light clothing. Trained research personnel used standardized procedures 1 and measured the participants' weight (kg) and height (cm) in duplicate. Weight was measured to the nearest 0.25 pound with a calibrated digital or balance beam scale and height was measured to the neared 0.25 inch using a wall-mounted stadiometer.
Researchers used the height and weight of each study participant to derive two BMI estimates (i.e., self-reported BMI and measured BMI). 14 Both self-reported and measured BMI were used as both linear and categorical variables (i.e., underweight <18.5 kg/m 2 , normal 18.5 to <25 kg/m 2 , overweight 25 to <30 kg/m 2 , obese 30 to <35 kg/m 2 and morbidly obese ≥35 kg/m 2 ). 14 Self-reported and measured body weight and height also were categorized and coded into normal (i.e., BMI 18.5 to < 25 = coded 0) and overweight/obese (i.e., BMI ≥ 25 = coded 1) weight status groups. BMI misclassification groups (i.e., accurate-, under-and over-reporting) were created by taking the difference between values of self-report and measured weight status groups. Scores deviating from 0 indicated BMI group misclassification (i.e., −1 indicated underreporting and 1 indicated overreporting).
Data analysis
Descriptive statistics defined demographic variables and self-reported and measured BMI. Paired t-tests were used to determine statistical significant differences between measured and self-reported height and weight by gender. Chi-square tests were used to determine if significant differences in BMI misclassification groups occurred between genders. Additionally, correlations between self-report and measured BMI using BMI classification groups (i.e., underweight <18.5 kg/m 2 , normal 18.5 to <25 kg/m 2 , overweight 25 to <30 kg/m 2 , obese 30 to <35 kg/m 2 and morbidly obese ≥35 kg/m 2 ) were conducted using Pearson's correlation, and agreement level (i.e., concordance) was calculated using kappa tests. Linear regression (unadjusted and adjusted for gender, age, and race/ethnicity) of measured BMI (dependent variable) with self-report BMI (independent variable) also were conducted. Analyses were performed using SPSS 21 (Chicago, IL).
RESULTS
Most participants (N=1686) were female (62%), white (77%), and had a mean age of 19.1±1.1SD years (Table 1) . Most participants also were within a normal weight range with measured BMI=23.9±4.1SD kg/m 2 .
Paired t-tests indicate that men were significantly more likely to overreport their weight and height (Weight: t = 5.29, df = 633, P < .001; Height: t = 18.51, df = 633, P < .001), while women were significantly more likely to underreport their weight (t = −4.06, df = 1051, p < . 001) and overreport their height (t = 7.97, df = 1051, P < .001). Concordance of self-report vs. measured BMI classification groups using chi-square revealed 93% were accurate, 4% self-reported normal when actually overweight, and 2.7% self-reported overweight when actually normal. Similar findings were found when stratified by gender, except that females were significantly (P = .009) more accurate than males (95% vs. 91%) ( Table 1) .
Pearson correlations were high between measured and self-reported heights, weights and BMIs (r = 0.98, 0.99, 0.97, P < 0.001, data not shown). Additionally, in linear regression models of measured and self-reported BMI, no differences in the unadjusted and adjusted R 2 (for age, gender, race/ethnicity) (R 2 =0.94) were identified. Gender, age, and race/ethnicity were not predictors in the adjusted models between measured and self-reported BMI.
As determined by Landis and Koch's kappa test magnitude guidelines, 17 substantial concordance (κ=0.77, P < 0.001) between measured and self-reported BMI was noted (Table 2 ). There were slight differences in concordance among subgroups: men κ=0.75, women κ=0.79, white κ=0.80, black κ=0.71, Hispanic κ=0.90, Asian/Pacific Islander κ=0.62, and Other race/ethnicity κ=0.78. There was not a vast difference in concordance among college majors (agriculture/physical sciences/business κ=0.81, liberal arts/education/ humanities/social sciences κ=0.79, and other/undeclared κ=0.75). The sensitivity of selfreported BMI among normal weight participants was 96%, but this decreased as BMI increased. However, specificity, which measures the percentage of participants who are not identified as being in the correct measured BMI group, was over 87% for all BMI groups. The positive predictive value (i.e., PPV = # of true positives/# of true positives + # of false positives) was also lower compared to the negative predictive value (i.e., NPV = # of true negatives/# of true negatives + number of false negatives) among all BMI groups.
DISCUSSION
In general, young adults enrolled in college give accurate self-reports of their height and weight used to derive BMI scores for weight categorization. There were some differences in BMI misclassification between women and men as well as between normal and overweight students, and concordance between self-reported and measured BMI categories in race/ ethnic subgroups, but overall concordance was moderate to substantial.
As supported by previous studies, 6, 18 results from our paired t-tests indicated that college women were more likely to underreport body weight and overreport height; however gender differences did not emerge in our regression analyses. It is important to note that among women the average underreporting of weight was 0.6 pounds and average overreporting of height was 0.2 inches; this difference in weight could be attributed to variation in time of day or their menstrual cycles when their weight was measured. Similarly, among men the average overreporting of weight and height were small, equaling 1.2 pounds and 0.6 inches, respectively. Thus, men had lower self-report BMIs than measured BMI, which is partially due to the BMI formula being more sensitive to inaccuracies of height than weight. Women might have a tendency to underreport their body weight more than men, perhaps because many have poorer body satisfaction and greater desire to appear thinner. 19 However, a recent study by Gunnare and colleagues found that body satisfaction was not associated with weight accuracy. 6 Instead, they found that having a high BMI was one of the most important predictors of underreporting. 6 Indeed, in our study we found that for both college women and men, the sensitivity of self-reported BMI decreased as BMI increased suggesting that heavier college students wish to conform to social norms and make attempts to appear thinner and/or leaner by underreporting weight.
It is unclear as to why there were some differences in concordance between self-reported and measured BMI by race/ethnic groups. The variations seen in race/ethnic groups may be due to differences in body size preferences by ethnic groups that could lead to under-or over-reporting of body weight and height. Alternatively, there might not have been enough people in each category to make stable comparisons. More studies of racially/ethnically diverse young adults are needed to better understand the influence of race/ethnicity on accuracy of self-reported weight and height. Overall though, concordance between selfreport and measured BMI by race/ethnic groups was evidenced. However, the regression models of self-report and measured BMI suggests that race/ethnicity, age and gender do not influence accuracy of self-reported weight and height data. Thus, more research is needed to examine how sample characteristics such as race/ethnicity may influence accuracy of selfreporting weight and height data.
Many researchers have examined factors that may influence under-and over-reporting of BMI such as dietary restraint, physical activity level, and self-weighing frequency, 5, 6, 19 and they continue to find this of importance in planning and interpreting epidemiologic studies based on self-reported height and weight. However, in the current study, substantial overall congruence was found between self-reported and measured heights, weights, and calculated BMI among all participants, and by each subgroup of women, men, and race/ethnic group. Although, the sensitivity of self-reported BMI decreased among heavier BMI weight status groups, the specificity, positive, and negative predictive values remained high.
Several issues limit interpretation of the findings. This sample included self-selected participants that were mostly white (77%), thus generalizations to other college populations with differing sociodemographics and weight statuses should be made with caution. Additionally, social desirability bias in self-reporting of weight and height is possible as participants knew that their weight and height would be measured during the study. Finally, this was a cross-sectional study and findings are not applicable to longitudinal studies. However, Zagorsky and Smith 20 used self-reported height and weight data for their longitudinal study of young adults and found that college students and same-age non-college students are similar in their reports of height and weight and consistently underestimate their body weight.
IMPLICATIONS FOR RESEARCH AND PRACTICE
Despite these limitations, researchers can feel confident in the accuracy of college student's self-reported weight and height for cross-sectional studies. In conclusion, findings indicate self-reported body weight and height of young adults can be fairly accurate, and their use is supported when direct measurements are not feasible. Comparisons Between Self-Report and Measured Body Mass Index (BMI) groups (N=1686) 
